These results were replicated for three measures-self reported health, mobility, and handicap-suggesting a robustness of outcome to specific indicators. Comparable data over the period of study were only available for the mobility measure. Increases in longevity appeared to be fully absorbed by minor disability. Ethnic and socioeconomic disadvantages remained static or widened for the 15-64 age group, suggesting a potential social polarisation in the disability transition. Conclusions-The operationalisation of health expectancy appears to be rather robust to specific indicators. Health expectancy may provide a sensitive health impact assessment of social and economic policy. Existing theories of the disability transition may need to be modified to take account of social variation, at least in the special case of disability free health expectancy over the 15-64 age range. (J Epidemiol Community Health 1999;53:519-527) A growing disjunction in the profile of population health is emerging between the length of life and the overall state of health; thus, while mortality rates have declined, measures of ill health remain stubbornly resistant to change.
A growing disjunction in the profile of population health is emerging between the length of life and the overall state of health; thus, while mortality rates have declined, measures of ill health remain stubbornly resistant to change. 1 It has been argued that this represents an as yet little acknowledged "disability transition" in which an initial pattern of high incidence and low prevalence of disability is reversed. 2 This disjunction is captured in the concept of health expectancy, a measure that broadens life expectancy beyond its sole reliance on mortality data to incorporate any defined state of health, both "positive" and "negative". 3 The significance of such measures for policy purposes have been recognised, particularly in Europe, 4 and include the monitoring of health trends, issues of equity and resource allocation, service planning, and the assessment of health outcomes. 5 The use of health expectancy measures in research and policy analyses has shifted the terms of debate from simple mortality reduction to overall health improvement 6 and encouraged the development of theories about long term changes in health status encompassing models of improvement ("compression of morbidity"), 7 decline ("expansion of morbidity"), 8 and maintenance of the status quo ("dynamic equilibrium"). 9 It has also permitted a much more appropriate operationalisation of these theories with the deployment of the ratio of health expectancy to life expectancy. Hence for the three models outlined above we would expect, respectively, either an increase in the ratio, a decline, or a change conditional on severity. 10 The application of the health expectancy concept to cross sectional data has also significantly illuminated debates about social variations in health. With this adjustment the gender diVerential in longevity is narrowedwith women living longer, but in extra years of minor disability 11 -while socioeconomic and regional diVerences are increased. 12 A similar pattern seems to hold for ethnic variations. 13 These results have implications for decisions on resource allocation and health priorities. 5 Despite its great potential, the impact of the health expectancy concept has been limited by a number of factors. Prominent among these has been a debate within the scientific community as to whether the use of cross sectional data is adequate to the task of tracking trends. 14 The simulation study of Mathers and Robine has largely resolved this issue-in the aYrmative, at least for those conditions in which trends in health status are evolving smoothly. 15 A second issue concerns the potential for obtaining comparable estimates of health expectancy over both time and place-given the potential multiplicity of survey indicators. 16 17 This question remains in contention.
The focus of this paper is on the latter issue-the use of a range of indicators and their application to the analysis of social variations and trends in health expectancy in New Zealand over a period in which that country has undergone rapid social and economic change. 18 19 
Methods

DATA SOURCES
The Sullivan method of estimating health expectancy used in this paper combines information from standard population life tables with data on the prevalence of disability, handicap or other health problems. 20 Life tables for the total male and female populations and gender specific tables for the Maori and non-Maori ethnic groups were obtained for the periods 1980-82 and 1990-92 from Statistics New Zealand, the country's central statistical agency. Prevalence data were also available from this source (see below).
As socioeconomic status (SES) specific life tables are not routinely calculated in New Zealand, we constructed our own tables using previously published SES specific mortality rates 21 and standard life table methods. 22 The published SES mortality rates were available for 10 year age groups from age 15 to 64. Consequently our SES life tables were restricted to this age range and, for example, can only give the average number of years lived between ages 15 and 64 for a hypothetical cohort of men in a particular SES group. The amount by which the computed partial life expectancy between ages 15 and 64 falls short of its possible maximum of 50 years represents years of life lost because of premature mortality before age 65 (and is conceptually related to the notion of potential years of life lost). It should also be noted that, as the published SES mortality rates were for three year periods centred around 1976 and 1986, we extrapolated these rates to 1981 and 1991 respectively by applying the published rate ratios to the overall age specific mortality rates in those years.
Data on the prevalence of health problems and disabilities were drawn from two large surveys, the Social Indicators Survey (SIS) (1980-81) 23 and the Household Health Survey (HHS) (1992-3). 24 These correspond closely to the period covered by the life tables. Both surveys were based on stratified multi-stage samples of the civilian population resident in private dwellings and therefore excluded the armed forces and people resident either in health care institutions or in prison. The sampling frame was also restricted to ages 15 and older in the SIS. Consequently the analyses reported here are restricted to ages 15 and older. The achieved samples size in the SIS was 6891, and the number aged greater than 15 years in the HHS was 5873.
From the HHS data we constructed three health problem indices. The first of these was a composite index based on two questions: the first, a screener, was a self report of any health problem or disability; the second, a follow up, reported the use of help with daily activities such as preparation of meals, shopping, housework and personal care because of the reported health problem. The screening question on health problems covered doctor or nurse identified long term problems (likely to last six months or more), hearing problems, sight problems, other physical problems, and psychiatric or psychological problems. The follow up question on use of help specified that the association was "because of this or any other long-term disability, illness or health problem".
The second health index was based on the concept of self assessed health. People were classified as being in good health if they assessed their overall health as "excellent" or "good" and not good if their assessment of their health was "not so good" or "poor."
The final measure of health status used was based on the ability to climb stairs. This specific functional item was selected because it was the only item directly comparable across the two survey years. People were classified as having "stair problems" if they responded "Yes but with diYculty" or "No, not at all" to the question "Can you walk up a flight of stairs without help from anyone else?" In 1981, the comparable question was "Can you walk up and down stairs?" Although the wording of the question was not identical across the two surveys we considered them suYciently comparable for the purposes of the current analysis.
Following the provisional classification of health expectancy types drawn up by van de Water et al, 4 we will refer to these three measures as indicators of handicap free, healthy and disability free life expectancy respectively.
As already stated, these survey data omitted the adult non-civilian and institutional population of New Zealand. There is no nationally representative information on the prevalence of health problems among people resident in institutions or in the armed forces. For the purposes of our analysis, therefore, we made the assumption that age-gender specific problem prevalences among those in prison and in the armed forces do not diVer markedly from the corresponding age-gender specific prevalences for the rest of the population. In any case these groups make up a small proportion of the population.
A greater analytical diYculty was presented by residents of health care institutions (hospitals and homes for the elderly) as these could be expected to have higher age specific health problem prevalences than the non-institutional population. We obtained census data on the age, gender and ethnic specific numbers resident in hospitals or homes for the elderly in 1981 and 1991. From these data we were able to compute the expectation of life resident in health care institutions and to adjust other health expectancy measures by this amount (see Computational issues below).
Numbers of residents in hospital or homes for the elderly were not available by SES. We therefore assumed that age specific prevalences of institutionalisation did not vary with SES. However, it should be noted that the prevalence of institutionalisation within the 15 to 64 age group was considerably less than one per cent and that for the male population the expectation of life in institutional care between ages 15 and 64 was only 0.2 years. Therefore the assumption of no SES variation in the prevalence of institutionalisation is likely to have a negligible eVect either way on health expectancy estimates restricted to the 15 to 64 age group.
CLASSIFICATION OF SES
For our socioeconomic classification we used the Elley-Irving (E-I) SES scale, an occupational based classification commonly used in health and social research in New Zealand. 25 The E-I system classifies people into one of six SES groups on the basis of respondent occupations coded according to the New Zealand standard classification of occupations (NZSCO).
Occupational coding in the SIS had been carried out at the two digit level of the NZSCO, while the SES mortality rates used in constructing life tables had been coded at the more detailed three digit level. From published census data for 1981 we were able to determine the distribution of people across the six E-I categories for each two digit occupational group. Using this information we developed a multiple imputation strategy after Rubin, 26 which involved repeated stochastic allocation of E-I categories to the survey respondents on the basis of their two digit occupational code and the known distribution of E-I categories from the 1981 census for that code.
A multiple imputation procedure was also developed for the SES classification of survey respondents in the HHS. Although a three digit occupational code was available in the survey data set, this could not be directly translated into the E-I system because of changes in the NZSCO since the development of the E-I scale. However, we were able to access a double coded sample from the 1991 population census that contained both the old (1968) and new (1990) NZSCO codes for each person. 27 From these data we were again able to develop a model for multiply imputing E-I categories using the recorded occupational code and the census information on the distribution of E-I categories for each occupational code.
COMPUTATIONAL ISSUES
We used the Sullivan method for computing health expectancy estimates. 20 This approach incorporates health problem prevalences into standard population life tables, thereby partitioning life expectancy into the expectation of life with and without problems. Because data on the prevalence of health problems were available only for the population resident in private dwellings, we carried this procedure one step further by partitioning total remaining life expectancy into years spent in health care institutions, years spent outside institutions but with health problems, and years spent outside health care institutions and free of problems. The health expectancy estimates reported below correspond to the latter quantity.
Approximate 95% confidence intervals for health expectancy estimates were computed as the estimate plus or minus 1.96 standard errors, with standard errors computed using Mathers' method, 28 which for ease of reference is outlined in the appendix. Standard error and confidence intervals for diVerences between groups and for diVerences over time were computed assuming statistical independence (of the group or time specific estimates). It should be noted that in the case of temporal comparisons this procedure provides confidence intervals that may be slightly conservative. 28 Confidence intervals for the ratio of health expectancy to total life expectancy were computed using an extension of Mathers' method. Details are given in the appendix.
Results
The presentation of results is in two sections. In the first part results are established for 1992-3 across all three measures of health expectancy for a standard set of social comparisonsnamely, gender, ethnic group, and SES. In the second section the analysis is extended to comparisons over time for all three sets of contrasts, using a single measure of health expectancy.
SOCIAL COMPARISONS
In table 1 data are presented for health expectancy estimates for the total male and female populations. Results-including gender diVerences-are outlined for the three measures of health expectancy at ages 15 and 65, together with the ratio of health expectancy to total life expectancy expressed as a percentage. As can readily be seen, the gender diVerence is smaller for all three health expectancy indices than it is for total life expectancy at both age levels, with the estimate based on the ability to climb stairs giving the smallest discrepancy. This is reflected in the health expectancy to life This relation reflects the fact that the prevalence of health problems and/or disabilities is much lower among non-Maori, a result that is captured in the ratio of health expectancy to total life expectancy; while this figureexpressed as a percentage-varies in the range 78%-85% for Maori, the comparable range for non-Maori is 85%-92%. It should also be noted that the ethnic diVerential is similar for both men and women despite the latter's more favourable health profile. Note also that for each ethnic-group comparison the 95% confidence interval excludes zero. This indicates that although the confidence intervals for the non-Maori-Maori diVerences are wide, the observed ethnic group diVerences cannot be entirely accounted for by sampling variability.
In table 3 results are presented for SES diVerences. It should be noted that these data relate only to men in the age range 15-64; it is in part because of this age ceiling that the variation between SES groups seems more subtle than the ethnic-group diVerences. Nevertheless, for all three measures the estimates for the combined classes 5 and 6 were markedly lower than the corresponding estimates for the combined classes 1 and 2. The advantage to classes 1 and 2 compared to classes 5 and 6 was similar for partial life expectancy (between ages 15 and 64) and for handicap free life expectancy, whereas the advantage to classes 1 and 2 was somewhat larger for the indicator of healthy life expectancy based on self reported health.
COMPARISONS OVER TIME Analysis of change in health expectancy is restricted to the measure based on the ability to climb stairs, which, as discussed above, is the only comparable item in the SIS and HHS data sets. Consequently, in this section the term health expectancy will refer to the expectation of years in which stairs can be climbed without diYculty; also as discussed before, this can be taken as an indicator of disability free life expectancy.
Changes in both life and health expectancy at ages 15 and 65 for the total male and female populations are shown in the first two panels of table 4. While life expectancy increased by approximately two years at age 15, and by 1.5 years at age 65, health expectancy remained essentially unchanged. This is reflected in the ratio of health expectancy to life expectancy; this declined for all comparisons over time in these two panels, particularly for those over the age of 65. Gender diVerences in health expectancy at age 15 remained constant at about two years, and declined slightly from 0.6 to 0.2 years at age 65.
In the third panel of the table data are presented on partial health and life expectancy over the age range 15-64. This is to provide comparability with the results presented in the remaining two tables for trends by ethnic group and by SES. The pattern of slightly improved life expectancy, but stationary or slightly declining health expectancy, were repeated here, albeit with more subtle changes. Overall, the gender diVerential remained static or declined.
As there were only two Maori respondents aged over 75 in the SIS, comparisons of ethnic specific changes over the study period were restricted to partial health expectancy between ages 15 and 64. These estimates are shown in table 5. Although the ethnic group diVerence in partial life expectancy narrowed over the study period, the partial health expectancy diVerential remained approximately constant for men and widened for women. Non-Maori women were the only group to record an increase in partial health expectancy, and this gain was only 0.2 years. A modest increase in partial life expectancy was apparent in all groups, and consequently the partial health expectancy:life expectancy ratio declined for all groups.
In table 6 changes in partial health expectancy over the study period are outlined for four SES groupings. While a modest increase in life expectancy between ages 15 and 64 was recorded for all SES groups, only the combined groups 1 and 2 recorded an improvement in health expectancy. This resulted in a clearer SES gradient in health expectancy in 1992-3 than was apparent in 1981; it is evident that only for groups 1 and 2 did the ratio of partial health expectancy to partial life expectancy improve. However, the confidence intervals for the SES specific changes in health expectancy are wide and the data are consistent with a hypothesis of no change in health expectancy.
Discussion
The results reported in this study confirm other findings on social variation in health expectancy 11 and extend them to the case of ethnicity. The paper presents both the absolute level of health expectancy and the ratio of health expectancy to life expectancy, and this allows us to take into account the quality as well as the longevity of life. This adjustment serves to narrow the gender gap-to vanishing point for the over 65 age group-but widens ethnic and SES diVerentials in health status, results that are consistent with previous research for New Zealand. 29 This finding holds for all three measures of health expectancy, with the exception of SES diVerences in handicap free life expectancy (which are similar to those for partial life expectancy). This latter result may simply reflect the uniformly low prevalence of serious health problems and disability in younger age groups with the restriction of our SES analyses to ages 15 to 64. Overall, however, our results indicate that social variation in health expectancy appears reasonably robust to the choice of health status measure. This outcome is consistent with a literature that suggests that, while apparently innocuous changes in the wording of questionnaires can lead to major diVerences for specific estimates of disability, 17 the general thrust of results from applying diVerent methods is to sustain what are essentially similar overall conclusions. 16 Despite concerns about the possible masking eVect of social variations in self reported health, 30 there are also encouraging signs that variations in the models of health used by diVerent population groups may not be as great as had previously been suggested. 31 There is also growing evidence that self reports are highly predictive of health status. 32 33 Apart from extending the analysis of social variations in health expectancy to ethnicity and demonstrating the consistency of such results over a range of indicators, this paper has also attempted to extend the analysis of such variations over time and assess the fit of diVerent models of the disability transition. However, while the cross sectional analysis had available to it indicators approximately equivalent to three types of health expectancy-handicap free, disability free and healthy life expectancy-only one of these-disability free as assessed by stair climbing-was available in a comparable form over the two surveys spanning the period 1980-81 to 1992-3. Nevertheless, our confidence in the robustness of this single measure may be strengthened by the consistency of the cross sectional analyses carried out for all three measures deployed from the 1992-3 HHS. The eVects of the slight changes in wording of the available measure over the two surveys probably balance out. While it might be expected that it would be easier just to climb up stairs (the second survey) rather than up and down (the first survey)-thus possibly reducing the reported problem prevalence-the fact that the second time the question explicitly also stated "without help from anyone else" could have contributed to a slight increase in reported problem prevalence. On balance these eVects may just cancel out.
While the study has extended the analysis of social variations to the case of ethnicity for both cross sectional and time series data, a question arises about the inter-relation between ethnic aYliation and SES and the extent to which results for these two dimensions are confounded. For example, while approximately half of all Maori men in both surveys were classified in SES groups 5 and 6, this was only true of a quarter of non-Maori. Because of the small numbers involved it was not possible to make SES-ethnic group specific estimates. However, previous research in New Zealand suggests that only about 20% of Maori-nonMaori diVerences in overall mortality was attributable to diVerences in SES. 34 35 Further confirmation of the possible independence of SES and ethnicity is research suggesting that despite evidence that health models may not be all that diVerent for most population groups, 31 this might not be true for ethnic groups. Thus indigenous Australian people report similar or better health than other Australians despite having much worse objective health statistics (C Mathers, Ninth Meeting of the Network on Health Expectancy (REVES), Rome, 1996) . If Maori were to follow this pattern, the health expectancy diVerences reported here between indigenous and other New Zealanders would be conservative.
Taking the health expectancy:life expectancy ratio as our statistical criterion after Robine, 10 results from this study are clearly not consistent with any simple "compression of morbidity" (or health improvement) model of the disability transition because, while life expectancy has increased over the period of study, health expectancy has remained static and even declined slightly for some groups. In this respect, the results are similar to those described for Australia over almost exactly the same period by Mathers, 36 although in the absence of data on more severe categories of disability it is not possible to say whether these findings sustain an "expansion of morbidity" or a "dynamic equilibrium" model.
A unique aspect of this study, however, is the potential it provides for tracking not just overall levels in health expectancy but also social variation. This is particularly pertinent given the rapidity of social and economic change KEY POINTS x The assessment of health expectancy seems to be reasonably robust to the choice of specific indicator. x Ethnic health diVerences are more marked when assessed by health expectancy rather than longevity of life. x Health expectancy can provide a sensitive indicator of the impact of rapid social and economic change on the health of subpopulations. x Health improvement strategies must be developed that counter the potential for social polarisation in the disability transition.
experienced by New Zealand over the decade from the mid-1980s. Taking partial life expectancy over the age range 15-64 as our measure, overall levels seem to have improved over the period of study for all social comparison groups-with gender, ethnic and SES diVerences remaining largely unchanged. However, when we take the ratio of partial health expectancy to partial life expectancy as our indicator, we see that health status has declined or remained static for all comparison groupswith the exception of the more advantaged groups of non-Maori women and higher SES men. This highlights the potential importance of the choice of population health status indicator when exploring the impact of social and economic policy changes on social variation in health status. One caveat on our results concerns the problems with occupational classification noted above; the SES comparisons reported here should be interpreted cautiously, therefore. The multiple imputation approach adopted to stochastically allocate SES codes on the basis of partial occupational information, accurately reflects the additional uncertainty attributable to the missing occupational information and provides, as a by product, an estimate of the inflation in variance due to missing information. 26 Thus, for the 1980-81 data, estimates of this excess variance ranged from 1% to 7%, whereas for the 1992-3 data estimates ranged from 8% to 36%, indicating that the amount of missing occupational information was greater for this second data set.
Yet, despite this finding the SES gradient in health expectancy was clearer for this data set than for the 1980-81 data (a result that seems unlikely to be explained by misclassification eVects as any such eVects are likely to have been greater for the 1992-3 data). However, as with all epidemiological analyses, the confidence intervals reported here should probably be interpreted as providing a lower bound on total uncertainty. It should also be noted that there was no significant shift in SES distribution over the period of the study, and hence issues of potential selection bias do not arise. Thus, while 29% of male respondents in the first survey were classified in SES groups 5 and 6, this was still true of 26% in the second survey.
The empirical results from this study hint at a potential socially diVerentiated version of existing theories of the disability transition. 2 Under this amended model social groups with an initial health expectancy profile that is relatively advantaged conform to a model of "compressed morbidity", while those who start from a relatively disadvantaged position follow either an "expansion of morbidity" or a "dynamic equilibrium" model.
Thus, for the 15-64 age range that provides the core analysis in this paper, women in general, non-Maori women in particular, and also higher SES men, all reported superior (partial) health expectancy at the beginning of the period of study-both in absolute terms and as a percentage of partial life expectancyand then proceeded to record either a stable or slightly improved health expectancy profile a decade later. The converse held for the other groups; health expectancy was relatively disadvantaged at the beginning of the period and then failed to improve and even declined slightly.
The concept of health expectancy has been put to the service of a number of practical and analytical purposes. For some it is seen as the outcome criterion by which health care organisations should be judged in a competitive market 6 ; for others it provides a key policy tool in managed systems. 5 Analytically, this approach has been fruitful in the development of theories about the disability transition. 7 8 9 While international comparisons over time seem to support the model of dynamic equilibrium (the spread of light or moderate but not severe levels of disability or handicap), 3 such analyses have failed to heed the relevance of wider equity issues and take full account of the impact of social variation. 37 The empirical results from this study suggest that-at least for disability free life expectancy over the 15-64 age range-a more socially diVerentiated theory is needed, one that recognises the potentially polarising impact of existing social structures on the shape of the disability transition and the distribution of its benefits.
We are grateful to Colin Mathers for his advice and encouragement and to Johan Mackenbach for comments on an earlier draft of this paper. This is the expression derived by Chiang. 22 The above formulas follow from applying the delta variance approximation method 38 to the total life expectancy and health expectancy estimates, written in terms of the conditional survival probabilities. 22 28 The derivations of these formulas assume that the age specific survival probabilities and age specific health problem prevalences are mutually independent. Consequently, the variance formulas given above are not appropriate for health expectancy estimates constructed from smoothed age specific estimates, although they can be extended to deal with this situation via the multivariate delta method. 38 Age specific survival probabilities and health problem prevalences will usually be approximately independent because the prevalence estimates are typically based on a survey sample constituting only a small fraction of the population for which mortality statistics are available.
A minor extension of Mathers' method, involving application of the multivariate delta method, 38 yields the following expression for the covariance of life expectancy and health expectancy indicators:
Assuming that the natural logarithm of the health expectancy to total life expectancy ratio, R a = HE a /LE a , is normally distributed, a further application of the delta method yields the following expression for the variance of ln(R a ):
Approximate 95% confidence intervals for R a can be obtained as exp(ln(R a ) ± 1.96(V(ln(R a )) 1/2 ). As the health expectancy to total life expectancy ratio must lie between zero and one, the logit transform, logit(R) = ln(R/(1-R)), is another candidate transformation to achieve approximate normality. The delta method variance approximation for the logit transformed health expectancy to life expectancy ratio is given by:
Approximate confidence intervals for R a can be obtained by back transforming the end points of confidence intervals for logit(R a ) using the inverse logit transformation logit -1 (Y) = exp(Y)/(1 + exp(Y)). This approach was not explored in the current paper; however some preliminary investigation suggested that, for the current analysis, intervals for the health expectancy to life expectancy ratio based on the logarithmic approximation agree closely with Monte-Carlo intervals obtained by simulating from a bivariate normal distribution with mean (HE a ,LE a ) T , where the superscript T denotes matrix transpose, and the variances and covariance for health and total life expectancy defined above.
Confidence intervals for temporal or between group diVerences in health expectancy to life expectancy ratios were obtained by Monte-Carlo methods, simulating from the appropriate independent bivariate normal distributions. For analyses involving multiply imputed estimates, estimated variances contain a between imputation component, reflecting the additional uncertainty attributable to missing information. Moreover confidence intervals are based on t-distributions rather than normal distributions. 26 
